ABSTRACT Floor type management is an important factor in turkey production in hot climates exceeding 30
INTRODUCTION
Poultry production in tropical countries encounters serious challenges, particularly at summer temperatures exceeding 32
• C (Farghly et al., 2017) . Heat stress potentiates poor growth performance and increases susceptibility to pathogens (Bessei, 2006) . Due to their low body surface area to body weight (BW) ratio, birds produce high internal heat and have a poor ability to convection cool, with their feathering insulating their body temperature (BT). Additionally, as birds increase in size, less space is present between individuals, increasing the birds' contact area with bedding and floor surfaces (Zhao et al., 2009) .
A flooring system and litter may be constructed solidly with raised wire/plastic floors or with a combination of the two. Litter is used to absorb fecal waste and lessen birds' contact with their droppings and helps to absorb excess moisture, and the subsequent decomposition process assists in mitigating disease and ammonia effluent. However, litter can produce high dust
The contribution of floor construction to summer heat gain or loss is usually ignored; however, the application of a suitable floor system is often efficient in adjusting bedding temperature to obtain favorable thermal conditions in the birds' living area. The body heat of heat-stressed birds can be dissipated through the area of the footpad via conduction (Ferket, 1998) . Birds experiencing hot weather attempt to cool their bodies by digging into the litter to come into contact with a cool floor; this behavior suggests the usefulness of a flooring system designed to alleviate heat stress and reduce prolonged excreta contact during the summer season. Lien et al. (1992) reported that litter type influences microbial load in litter, which affects the immune status and growth performance of broilers. Taylor et al. (2008) reported that litter age is commensurate with nitrogen emissions. Additionally, litter properties and nitrogen distribution inside a shed due to the use of a new litter mattress or with re-use do not differ when rice hulls and sawdust are used, with no consequences on broiler performance. Could alternative floor types at a managerial facility alleviate the deleterious effects of a hot climate and reduce airborne ammonia and dust particulates and consequently improve the performance and health of growing turkeys in a hot climate? To answer this question, the aim of the current investigation was to determine whether the use of cement (solid), wire net, rubber mat, plastic or wooden slats alternative flooring is effective for managing turkeys in the hot climatic conditions of Egypt.
MATERIALS AND METHODS

Birds, Diet, and Management
The current investigation was performed at the Poultry Research Farm, Faculty of Agriculture, Assiut University, Assiut, Egypt. All experimental procedures were performed according to the local experimental animal care committee and approved by the institutional committee of the Department of Poultry Production, Faculty of Agriculture, Assiut University, Egypt.
The investigation used a total of 360 native turkey birds (Egyptian local breed, of black feather in common and usually reach 3.00-5.00 Kg at 4-5 mo) aged 4 wk that were randomly allotted to 6 equal groups (each with 3 replicates; 20 birds per replicate) to elucidate the effects of using different floor types as a managerial tool to alleviate the deleterious effects of the hot summer season on growth performance, carcass characteristics, certain health aspects (breast blisters score, footpad burns [FPD] , hock discoloration [HD] and plumage condition [PC] ), and airborne conditions of native turkey. Birds of the first group were raised on a wheat straw-littered floor (Control group, C). The other groups (T1, T2, T3, T4, and T5) were raised on cement (without litter), wire net, rubber mat, plastic and wooden slatted floors, respectively. Birds were raised on a solid cement floor covered with wire net, rubber mat, plastic and wooden slats 40 cm above the floor. Wooden slats (30 × 30 mm) were spaced at 30 mm. All the manure was removed at the completion of the experiment. All birds were raised under similar environmental and managerial conditions (Farghly et al., 2018) as those found in an open-sided house (of 40 mL × 8 mW and equipped with fans). The experiment was conducted from June to September (summer season), during which the temperature and the relative humidity ranged between 22.9-34.8
• C and 47.4-59.8% at night and midday, respectively. All birds had ad libitum access to food and fresh water. The birds were exposed to 12L: 12D, with light at 5-10 lux/m 2 . The dietary (mash form) composition is provided in Table 1 .
Data Collection and Calculations
Body weight and feed consumption (ADFI) of birds (on a replicate basis) were recorded bi-weekly from 4 to 20 wk of age, after which the ADG and feed conversion ratio (FCR) were calculated. PC was determined at 20 wk of age using a scale from 1 (completely feathered) to 5 (featherless). Body temperature (
• C) was measured using a thermometer inserted into the rectum for 2 min at a depth of 2 cm in mid-early morning (Farghly et al., 2017) . When birds reached age 20 wk, 3 birds from each replicate were slaughtered and dissected under strict hygienic conditions, and the following criteria were recorded: carcass weight and dressing percentage ((carcass weight + giblets weight)/live BW) × 100; weights of liver, heart, spleen, gizzard, and abdominal fat. Aroma, tenderness, and juiciness were determined using a test panel consisting of 10 trained panelists that judged the meat samples with grades of 1-10 according to Farghly et al. (2017) .
Blood during slaughtering was sampled in heparinized tubes. Hematocrit was determined using a microhematocrit capillary (Noriega, 2000) . Heterophils and lymphocytes were identified according to Campbell (1988) , after which the heterophil to lymphocyte (H/L) ratio was calculated. According to Nodvor (1976) , 54 samples were collected at 1000 h to determine the airborne ammonia concentration (AC). Similarly, 54 samples were collected to estimate the suspended airborne dust particulate concentration (DC; mg/m 3 ) in the experimental rooms using a specialized apparatus (laser dust monitor calibration, model LD-1 (H), No. PS-33). At 20 wk of age, 10 birds from each group were randomly examined and scored for HD, FPD, and breast blisters (BB). The scores ranged from 1 = no HD or FPD to 5 = total coverage of red HD or total footpad involvement in an FPD.
Statistical Analyses
Data collected on various parameters were analyzed using the general linear models procedure of the SAS statistical software package (SAS Institute, SAS R version 6.12, 1996). All means were partitioned using Duncan's multiple range test at the 5% level (Duncan, 1955) . The replicate was the experimental unit in the present work. The following model was used for analysis of variance:
where Y ij = an observation, μ = the overall mean, F i = the floor type effect, and e ij = the experimental random error.
The percentages of carcasses and organs were transformed to arcsine values and then re-transformed to the original values after analysis.
RESULTS
Significant (P < 0.05) effects were detected in BW, ADG, and FCR at different ages (Table 2) . Wooden slats and plastic floor-reared birds had higher (P < 0.05) BW and lower FCR during 14-20 wk of age. No significant differences were detected in carcass traits and meat quality among floor types, except for gizzard and spleen percentages and tenderness and juiciness values (Table 3) , which were elevated in the 0.1 0.051 * * C, T1, T2, T3, T4, and T5 = Birds raised on littered floor, cement, wire net, rubber mat, plastic and wooden slatted floors, respectively. a,b Means in rows having different superscripts differ significantly at P < 0.05. NS = non-significant differences were observed (P > 0.05).
wooden slatted and plastic floor-reared birds. Lymphocyte, H/L ratio, and hematocrit percentages were significantly (P < 0.05) differed among all groups studied (Table 4) . FPD, HD, BB, and PC scores for all groups were not significantly different (Table 5) . BT was affected (P < 0.05) by floor type (Table 5 ). The worst (P < 0.05) airborne quality was observed when turkeys were housed on litter, while the best airborne quality was observed when turkeys were housed on wire net and plastic (Table 6 ).
DISCUSSION
The results of the current investigation confirmed that the wire floor-reared birds had the lowest BW and ADG. The varying production performance of birds among different floor types may be partly due to differences in heat exchange among the air, the avian body, and the medium consisting of bedding floor and the ground underneath. Noll et al. (1997) attributed improved performance of turkey to rearing the birds on a partial flooring system in which slotted flooring was 33% of the total floor space area vs. a 100% litter floor. The authors reported that the improved weight gain in turkeys raised on a partially slotted floor might occur because of reduced litter moisture and environmental ambient ammonia.
Structural particles, for example, feathers and litter substances, stimulate gizzard function and improve feed utilization (Hetland et al., 2003) . Karcher et al. (2013) found that ducks reared on a slatted floor had higher ADG than that in ducks reared with litter. However, Simsek et al. (2014) showed that floor type had a significant effect on ADFI and reported that the all-slat floor types provide a better floor for White Roman (2011), and Wanga et al. (2015) found that floor type had a non-significant influence on ADG and FCR. These findings are consistent with those reported by Simsek et al. (2014) , who found that floor type influenced (P < 0.05) carcass quality. Hetland et al. (2003) reported that birds voluntarily consumed approximately 4 g of litter materials daily and that their gizzards were 3-fold heavier than those of birds of a control group. By contrast, Bahreiny et al. (2013) did not find significant differences in carcass yield and parts. Liu et al. (2011) showed that floor type had a remarkable effect on carcass, heart, abdominal fat, and gizzard yields (P < 0.05). Wanga et al. (2015) found that litter-reared broilers had heavier gizzards than those reared on a plastic floor, although without significant differences. Santos et al. (2008) reported that broilers raised on litter material had heavier (P < 0.05) gizzards and breast muscles than those raised on other materials; thus, non-digestible structural particles may affect nutrient absorption and improve FCR. Wójcik et al. (2004) reported that turkeys kept on a slatted floor exhibited a larger (P < 0.01) water-retaining capacity in breast meat than those kept on litter.
Health problems and hematology are important concerns for welfare and economics in the poultry industry. Our results demonstrated a relationship between wooden slats and the lymphocytes and hematocrit, where birds housed with wooden slats had the lowest value of H/L and the highest hematocrit. As non-lymphoid cells with phagocytic potential in avian species, heterophils provide a non-specific immunological defense according to Al-Murani et al. (1997) , who also reported that the physiological manifestations of stress in poultry include alterations in the number of circulating leukocytes, and in particular, pronounced heterophilia and lymphocytopenia, which are reliable indicators of stress. High temperature accentuates the H/L ratio (Altan et al., 2000) . Zhao et al. (2009) showed that floor type had a significant effect on the incidence of BB. In our study, the wire floor was associated with the highest BB score, although the difference was not significant, and the high score might be related to the pressure on the breast when birds crouched on the wire floor. Leg disorders can be attributed to a variety of etiologies that adversely affect gait, feeding, and reproductive performance. Floors that have sharp edges may lead to FPD and leg problems through their abrasive action (Abd El-Wahab et al., 2012) . Standing on wet litter puts the feet in contact with moisture, which has been previously suggested as the reason footpads soften and become more prone to damage (Noll et al., 1997) . Improving the standards of rearing considering housing facilities and management should be considered key factors related to the welfare of the animals. Noll et al. (1997) reported inconsistent incidences of leg problems and BB among experimental comparisons; although partially slotted floors reduced the incidence of leg problems, BB increased (P < 0.05). Liu et al. (2011) showed that geese reared on wire floors had few opportunities to contact their feces and therefore had better health. Similar to our findings, Karcher et al. (2013) found that feather hygiene declined in birds reared on litter flooring, whereas birds reared on slatted flooring had cleaner (P < 0.01) feathers. In our study, floor type greatly affected BT. Altan et al. (2000) indicated that high ambient temperature is sufficient to cause increased BT. Perhaps for that reason, the BT of birds reared on plastic and wooden floors in the present study was less (P < 0.05) than that of litter, cement, and wire floor-reared birds (Table 5 ). The plastic floor has low thermal conductivity; therefore, for comfort, turkeys preferred to remain on plastic, which may be reflected in BT and growth performance. Noll et al. (1997) reported that using slotted wooden floor reduced energy usage per bird to ventilate and maintain adequate environmental conditions. Wójcik et al. (2004) indicated that slatted floor was found to have slightly lower air temperature than the litter floor. Therefore, placing a rubber mat, plastic or wooden slats on the floor may be advantageous for the welfare of turkeys.
Floor type and its indirect effect on air quality have a major influence on poultry health. In our study, litter-floor turkeys exposed to the highest level of ammonia showed intermediate values of ADG and FCR. Slatted floor were found to have slightly lower ammonia and dust concentrations than the litter floor (Wójcik et al., 2004) . Noll et al. (1997) stated that the improved ADG observed in turkeys reared on a partially slotted floor was due to lower environmental ammonia and lower litter moisture. In this respect, Karcher et al. (2013) observed that AC did not vary between raised plastic floor and pine shaving litter floor. Ammonia concentration adversely affects growth performance, carcass quality, welfare, and health (Ni et al., 2010) . According to Noll et al. (1997) , AC decreased in a slotted floor (on average by one-third) compared with litter, and they confirmed that attenuated AC might be due to reduced litter surface area and periodic excreta removal from the collection pit. Drier litter conditions may also lead to reductions in AC. In floor-raised geese, more humid litter generates ammonia and increases morbidity by reducing bird nutrient digestion and absorption (Abreu et al., 2011) . In poultry housing, DC ranges from 0.02 to 81.33 mg/m 3 for inhalable dust and 0.01-6.5 mg/m 3 for respirable dust (Ellen et al., 2000) . Fecal material is the primary DC source for turkeys of the treated groups in the current study, and most of these fecal particles are within the respirable range. Indeed, DC may be influenced by housing type, manure management system, the population and age of birds, feed type, litter, ventilation type and rate, the size of the building, the amount of worker time spent in direct contact with birds, and general shed management (Just et al., 2009 ).
In conclusion, this work suggests that placing plastic or wooden slatted floors on a solid floor has important advantageous effects on attenuating the incidence of health disorders caused by dust particulates and airborne AC, reducing the effect of heat stress on BT and improving growth performance. Therefore, we highly recommend using plastic and wooden slatted floors for managing native turkey in hot climates.
